To determine the validity and reliability of the Turkish version of the Trunk impairment scale (TIS), used in the evaluation of somatic, motor, and coordination disturbances in stroke patients, and provide a culturally adapted version for use in the Turkish population.
observed while sitting and standing both. Many studies have shown that the static sitting balance is an early predictor of functioning in stroke patients [1, 2] . Various questionnaires have been used to measure trunk performance and balance in stroke patients. These scales should be adapted to the language and culture of countries where different languages are spoken [3] .
The trunk impairment scale (TIS) was developed by Geert Verheyden in 2003 for the evaluation of motor derangements that occur after a stroke. It aims to measure the quality of trunk movements and provide guidance for treatment. It is also used in the evaluation of trunk balance in disorders, such as Parkinson' s disease, multiple sclerosis, and cerebral palsy, in addition to stroke patients, which proves its validity and reliability [4] [5] [6] .
The aim of this study, therefore, was to assess the validity and reliability of the Turkish version of the TIS that is used in the evaluation of somatic motor and coordination disturbances in stroke patients and also provide a culturally adapted version of the scale for use in the Turkish population.
MATERIALS AND METHODS
This study was approved by the Ethics Committee of Sisli Etfal Hospital for Training and Research (Approval number: 71). Written informed consents were obtained from all patients enrolled in the study.
Patient Selection
A total of 80 patients who were hospitalized for stroke rehabilitation in our facility or admitted at our outpatient clinics were included in this study. The exclusion criteria were as follows: presence of major sensory or cognitive derangement (Mini-mental state examination score <16), absence of the ability to understand instructions, presence of serious vision problems, presence of orthopedic problems that may preclude exercises that the patient is required to perform lying down, and a mother tongue other than Turkish.
Evaluation Measures
The information we collected included the demographic data of enrolled patients such as; age, gender, educational status and occupation; and the clinical data, such as duration of illness, type of lesion, location of the lesion, involved side, and presence of co-morbidities.
Cognitive Functions: Cognitive functions of the patients were evaluated with the Mini-Mental State Examination (MMSE) that was first developed by Folstein in 1975 [7] . It has since then been revised and the validity of its Turkish version has been shown before [8] . Patients with an MMSE score <16 were excluded from the study.
Activities of Daily Living: The daily living activity levels and physical independence of the patients were evaluated by the Barthel Index (BI), which has proven its validity and reliability in various patient groups and populations. This scale mainly evaluates the state of mobility and ability to perform self-care activities. It includes 10 sections: nourishment, transfer, self-care, use of WC, bathing, movement, use of a wheelchair (if relevant), climbing up/down the stairs, putting on clothes, and bowel/bladder control. The final score can be between 0 and 100. Its validity and reliability in our society have been shown before [9] .
Evaluation of General Quality of Life: Short form-36 (SF-36) was used to evaluate the quality of life. It was developed by Ware in 1987. SF-36 is a form that consists of eight subscales (physical functioning, physical role limitation, emotional role limitation, social functioning, pain, vitality, mental health and general health), each containing 36 items aiming to determine health status in clinical investigations, monitor the outcomes of medical care, and evaluate the quality of life [10] . SF-36 uses a total score of 100 points, and each subscale can be scored between 0 and 10. Higher scores in this scale reflect a better level of health, whereas lower scores show deterioration in health. The validity and reliability of the Turkish version have been shown before [11] .
Evaluation of Motor Functions: Neurophysiologic evaluation was done according to the Brunnstrom improvement stages. The Brunnstrom Approach is used to assess motor improvement in the upper extremity, hand, and lower extremity, and at the same time, to determine the current motor stage of stroke patients. The Brunnstrom approach is a scale of six stages, which includes movement patterns where improvement progressively increases for each region. Higher scores reflect better motor improvement [12] .
Evaluation of Mobility: The Rivermead Mobility Index (RMI) was used to measure the mobility of patients. This is an index with one dimension that is focused on measuring the mobility status and includes activities of basic mobility [13] . It includes 14 questions from the Guttman Scale, 1 observation and a hierarchic series of activities from "turning in bed" to "running." Total 15 activities are used in the evaluation, and each "yes" answer yields one point. A total score of 15 points indicates an absence of mobility problems, whereas <14 means that there is a mobility problem. As the RMI is a hierarchic structure (from simple to complex), a smaller score indicates a more severe problem [14] .
Evaluation of Balance: The Berg Balance Scale (BBS) was used to evaluate the balance of stroke patients. The test evaluates the ability of patients to maintain their balance during functional activities. It consists of 14 items, and each item is scored between 0 (bad) and 4 (best) points. It assesses dependence and/or independence while sitting, standing, standing with feet together, standing at the tandem position, balancing on one foot, and the ability of an individual to change positions. The highest score at the BBS reflects the proper balance. Cases are classified into groups having a "high risk of falling" (score: 0-20 points), "medium risk of falling" (21-40 points), or "low risk of falling" (41-56 points) according to the scores of this test [15, 16] . The Turkish version of the BBS has been shown to be reliable, valid and sensitive to change in Turkey [17] .
Evaluation of Motor Disturbances: The TIS was developed by Geert Verheyden in 2003 for the evaluation of motor derangements that occur after a stroke. It aims to measure the quality of trunk movements and provide guidance for treatment. It is also used in the evaluation of trunk balance in disorders, such as Parkinson' s disease, multiple sclerosis, and cerebral palsy, in addition to stroke patients, which proves its validity and reliability [3, 4, 6] . We have endeavored to translate the TIS, which is used in the evaluation of motor and coordination disturbances of the trunk in stroke patients, determines the validity and reliability of the Turkish version and provides its cultural adaptation for use in the Turkish population.
TIS Translation and Adaptation
The suggestions of Guillemin et al., Beaton et al. and the EORTC Quality of Life Group was used in the creation of the Turkish version of the scale, before translation and cultural adaptation [18] [19] [20] .
In the first step, two individuals whose mother tongue was Turkish and who were fluent in English independently translated the TIS from English to Turkish. The differences between the two Turkish translations were evaluated and corrected by a physical therapy specialist whose mother tongue was Turkish and who knew English at an advanced level, and a common Turkish form was created. In the second step, this Turkish form was translated into English again and re-translated to Turkish by two persons who knew English at an advanced level. The differences were corrected, and a satisfactory harmony with the original scale was obtained.
At the cultural adaptation level, the translations by two individuals with good knowledge of English were evaluated by an experienced physiotherapist. The differences were corrected, and the resulting Turkish version was evaluated by eight physiotherapists, who were unable to detect any mistakes or unclear sentences. This last version of the Turkish translation was picked as the final scale.
Validity and Reliability Examination
The Turkish version of the TIS was applied to 80 participants twice in one week to test its validity and reliability. Reliability is defined as the precision and reproducibility of a scale [21] . To determine the inter-observer reliability, 20 individuals were selected out of the 80 participants and were examined by two different observers at an interval of approximately 15-30 minutes. For intraobserver reliability, these 20 individuals were evaluated by the same observer twice a day: in the morning and in the evening.
Validity is defined as the degree with which a scale can measure its aim [21] . The validity of the TIS was evaluated by ascertaining its structural validity. To evaluate structural validity, correlations between the subsections and the total scores of TIS and Brunnstrom stages, along with the BI, BBS, RMI, and SF-36 scores were evaluated.
Statistical Evaluation
The data obtained in this study was transferred to the SPSS ver. 13.0 software and statistical analysis was done using this program. Descriptive methods (mean, standard deviation) were used in the evaluation of the demographic characteristics of the participants. The internal consistency of the scale was evaluated with the Cronbach alpha (α) coefficient, and the intra-and inter-observer reliability was evaluated with the Cronbach α coefficient and intra-class correlation coefficient (ICCC). The testrepeat test reliability of the scale was evaluated with the Cronbach α coefficient, intra-class correlation coefficient (ICCC), and Spearman correlation.
The criteria validity of the scale was evaluated with the Pearson correlation according to the BBS. Its structural validity was evaluated with BI, RMI, SF-36, Brunnstrom stages, and Pearson correlation. The correlation coefficient (r) was considered very weak if it fell between 0.00 and 0.25; weak if it fell between 0.26 and 0.49, medium if it fell between 0.50 and 0.69, high if it fell between 0.70 and 0.89, and very high if it fell between 0.90 and 1.00. The results were evaluated according to the p<0.05 significance level at 95% confidence intervals.
RESULT
Total 80 patients (34 females and 46 males) who were interned for hemiplegia rehabilitation were included in our study. The age, gender, occupation, educational status, additional diseases and other demographic characteristics of the patients are summarized in Table 1 .
Of the 80 patients included in the study, 73% had cerebrovascular thromboembolism, 7% had cerebrovascular bleeding, 26% had MCA, 13% had thalamus, 11% had LCA, 8% had PCA, and 3% had ACA infarction. In addition, 38 patients had right hemiplegia, 42 had left hemiplegia, 60% had hypertension as an additional disease, 30% had diabetes mellitus, and 22% had ischemic heart disease.
The results of the patients' Brunnstrom staging, MMSE, BI, RMI, and BBS are summarized in Table 2 .
The Cronbach α values used to evaluate the internal consistency were over 0.70 for all parameters and total scores of TIS (Table 3 ). This value was 0.77 for the static sitting balance, 0.90 for the dynamic sitting balance, 0.85 for coordination, and 0.93 for the TIS total score. These values show that the TIS has a high internal consistency.
The ICCC for subgroups used in the test-repeat test reliability was between 0.907 and 0.995, and the TIS to- North Clin Istanbcoordination, and 0.99 for the total TIS score. These results show that inter-observer consistency is significant. A strong positive association was found between the TIS and the BBS, and the BI and RMI sub-scores and total score (p<0.001; Table 5 ). The relationship between the BBS and static sitting balance was positive and significant at a medium level of significance (r=0.56), and was similarly positive with the dynamic sitting balance (r=0.90), coordination (r=0.80), and total TIS score (r=0.88). When we looked at the TIS and RMI correlation, we found a positive association of medium significance between the static sitting balance and RMI (r=0.50) and a highly significant association between the dynamic sitting balance (r=0.78), coordination (r=0.71) and the TIS total score (r=0.78) with RMI (p<0.001).
An association was not found between the physical and emotional role limitations in SF-36 subsections and TIS sub-scores and total scores (p>0.05), whereas a significant association was shown between other SF-36 subsections and TIS total scores (p<0.05; Table 6 ). A parallel increase in the TIS total score was detected, increasing the Brunnstrom upper extremity, hand, and lower extremity stage values (p<0.01).
DISCUSSION
This study has shown that the Turkish version of the TIS, which is used in the assessment of trunk balance in stroke patients, is valid and reliable in the Turkish population.
Stroke is a socio-medical problem which threatens the quality of life, may be fatal, and is most frequently encountered among neurologic disorders as the third cause of death after heart disease and cancer, according to data from developed countries. It is considered the first cause of morbidity, and its importance progressively increases with age. As the disorder that most frequently causes disability, its rehabilitation is essential [22] .
Stroke patients generally have difficulty in maintaining balance, experience postural disturbance, are unable to hold the head and trunk at the same plane, and have disrupted weight distribution. Many physical functions require sufficient balance and trunk control is necessary for maintaining body position and remaining stable after the position changes, which define the ability to accomplish daily activities and mobility [23] . The sitting balance was shown to be a marker of motor and functional improvement after stroke [24, 25] . Trunk control was found to be decreased in stroke patients in comparison to age and gender-matched healthy control groups, and 45%-70% of trunk control was shown to be lost in the acute stages of stroke [26] .
The ability to control trunk balance in sitting and daily living activities is important for successful rehabilitation [27] . Scales that aim to determine trunk balance do not reflect improvement by themselves. We have to evaluate functions of trunk muscles not only in terms of disability but also in terms of impairment to better understand improvement in trunk balance after stroke and develop more active treatment programs in patients with poor trunk balance.
The TIS, which was developed by Verheyden et al., is a scale that evaluates the functions of trunk muscles at impairment level. In a study aiming to determine the discriminatory ability of the TIS, healthy individuals were compared to stroke patients. A prominent difference was found between the two groups in terms of the total TIS scores and sub-scores. Higher scores were found in healthy individuals as compared to stroke patients. In conclusion, it was found to be a scale with an ability to discriminate between stroke patients and healthy individuals [28] . Total 32 articles were included in an interview investigating clinical scales that measured trunk performance after stroke. In this comparative study evaluating the psychometric features of scales, the TIS was found to be a very effective scale for measurement in the evaluation of trunk performance after stroke [3] . There have been studies in which the TIS was used as an outcome criterion. In a randomized controlled study investigating the effect of exercises on trunk performance after stroke, trunk exercises were advised in addition to conventional treatment in stroke patients. It was found that when the TIS was used as an evaluation measure, a significant improvement was observed in the dynamic sitting balance subscale of the TIS, which selectively measures lateral flexion of the trunk [29] . Validity and reliability analyses are done to examine the accuracy of data obtained by scales that are used in the field of rehabilitation. Analyses methods to show reliability, such as internal consistency, test-repeat test reliability, and inter-observer reliability, are also used. The items that make up the scale measure the same structures in relation with one other, each item representing the conceptual structure to be measured to show the internal consistency of the scale.
The internal consistency of a scale shows the degree to which the items reflect the concept to be measured and the relationship between the items that make up the scale. This is determined as a Cronbach α value. In this instance, the α value is between 0 and 1, and its closeness to 1 reflects a stronger internal consistency. A high in- [30] .
As the patients may be followed up by the same or different physicians at different times, the inter-observer and intra-observer reliability of the scales should also be determined. In the study by Verheyden in 2003, where the TIS was first developed, the test was administered by two different observers to 28 stroke patients, and interobserver reliability was assessed. The inter-observer reliability coefficient was 0.99 for the static sitting balance, 0.98 for the dynamic sitting balance, 0.85 for coordination, and 0.99 for the TIS total score [30] . In our study, the inter-observer reliability coefficient was 1.0 for the static sitting balance, 0.99 for the dynamic sitting balance, 0. 98 for coordination, and 0.99 for the TIS total score; these are consistent with the original study.
In the study examining the validity and reliability of the TIS in patients with multiple sclerosis, the interobserver reliability coefficient was 0.95 (total TIS) [5] . In the study investigating the validity and reliability of the TIS in patients with Parkinson's disease, the interobserver reliability coefficient was 0.97 (total TIS) [4] . In the study where the validity and reliability of the TIS were examined in patients with traumatic brain damage, the inter-observer reliability coefficient was 0.95 (total TIS) [31] .
The intra-observer reliability is one of the methods that test the reliability of the scale. In the validity and reliability studies with the TIS, there were no studies where the intra-observer reliability was examined, including the original study. The intra-observer reliability results of our study are satisfactory. The intra-observer reliability, which we have calculated as ICCC, was 0.98 for the static sitting balance, 0.98 for the dynamic sitting balance, 0.97 for coordination, and 0.99 for the TIS total score.
In our study, SIKK was 0.99 for static sitting balance for the test-repeat test reliability of the TIS, 0.90 for the dynamic sitting balance, 0.96 for coordination and 0.96 for the total TIS score. In the original study, these values were was 0.91 for the static sitting balance, 0.94 for the dynamic sitting balance, 0.87 for coordination, and 0.96 for the TIS total score [30] . Our results are consistent with the original study.
In the validity and reliability studies of the TIS in patients with multiple sclerosis for test-repeat test reliability ICCC for TIS, the total score was calculated as 0.95 [5] . In the validity and reliability studies of the TIS in patients with Parkinson' s disease for test-repeat test reliability ICCC for TIS, the total score was 0.95 [4] . In the study of the validity and reliability of the TIS in patients with traumatic brain damage for test-repeat test reliability ICCC for TIS, the total score was 0.88 [31] .
The correlation between the TIS and the BBS was investigated with the Pearson correlation. The static sitting balance is a subscale of the TIS which only measures the independent sitting ability of the patient and does not evaluate other movements, such as lateral flexion and rotation of the trunk, which includes three items. For this reason, in the acute phase, even patients with a very limited ability of movement may obtain high scores. Even if they obtain high scores from the static sitting balance subscale, they may not obtain adequate scores from the dynamic sitting balance, coordination scales, and BDO. This may explain the relationship of the medium significance level between the static sitting balance and BDO, in spite of the highly significant relationship between the dynamic sitting balance and Coordination with the BBS.
To show the structural validity of the TIS, we also examined correlations between the RMI, SF-36, BG, Brunnstrom staging and TIS in our study. Trunk balance is one of the main factors for mobility. For this reason, when we looked at the TIS and RMI correlation, we found a positive association of medium significance between the static sitting balance and RMI (r=0.50) and a very significant association between the dynamic sitting balance (r=0.78), coordination (r=0.71) and the TIS total score (r=0.78) with RMI (p<0.001). We can explain these results with our evaluations of BBS-TIS correlations.
Because we feel that the trunk balance of patients may be associated with mobilization, ambulation and, hence, quality of life, we evaluated the correlation between the TIS and SF-36 in our study. Statistically significant positive correlations were found between the TIS total score and six of the eight subgroups of SF-36 (excluding role difficulty and emotional role strength). The positive correlation between physical functioning and the TIS total score was stronger than other subgroups (r=0.595, p=0.0001). Statistically significant positive correlations were found between the dynamic sitting balance and coordination among TIS sub-parameters with the other subgroups (excluding role difficulty and emotional role strength). In addition to these, a statistically significant correlation was not found between the dynamic sitting balance and the vitality sub-group of SF-36 (r=0.210, p=0.062). When we looked at the static sitting balance, we found statistically significant positive correlations with only physical functioning, pain and social functioning subgroups (r=0.250, r=0.277, r=0.287, respectively), without significant positive correlations with other subgroups.
We evaluated the correlation between the Barthel index (BI) and the TIS for the validity of the TIS in our study. We found a very significant correlation between the BI and the TIS (r=0.78). In Verheyden' s study, a very significant correlation was found between the BI and the TIS (r=0.86) [30] . Our result is sufficient. In a multicenter study, the TIS in the sixth month after the stroke and the static sitting balance subscale were found to be important predictors of the BI [32] .
The Brunnstrom is a scale evaluating the developmental stages of movements of functionality after patients experience a stroke. As it is a scale that coordinates the muscle strength of the extremities and trunk, there may be an association between the TIS and Brunnstrom scales. For this reason, we evaluated the correlation between the TIS and Brunnstrom scales in our study and found associations of medium significance between the TIS and three Brunnstrom parameters (p<0.01).
In conclusion, the TIS is a new scale measuring the motor derangements of the trunk after a stroke. It has sufficient reliability, internal consistency, and validity for use in clinical practice and stroke investigations Our study has shown that the Turkish version of the TIS, which is used in the assessment of trunk balance in stroke patients, is valid and reliable in the Turkish population.
